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ABSTRACT : PURPOSE: To obtain inexpensively a high-strength thin steel sheet having good ductility 
and spot weldability by coiling a hot rolled steel strip contg. a specific ratio of C, Mn, P, Al 
and N at a specific temp., subjecting the strip to pickling and cold rolling then heating and 
holding the same under specific conditions and cooling the heated steel sheet. 

CONSTITUTION: A steel contg., by weight, 0.02-0.1 5% C, 0.8-3.5% Mn, 0.02- 0.1 5% 
P, <0.10% Al and 0.005-0.025% N and consisting of the balance Fe and unavoidable 
impurities is melted and is hot rolled. The hot rolled steel strip is coiled at <550°C and is 
cold rolled after pickling. The cold rolled steel strip is heated and held for 10sec-10min in 
a temp, range of the Ac^ transformation point-950°C and thereafter the strip is cooled in 
such a way that the average cooling rate between 600~300°C attains the range of the 
critical cooling rate CR(°C/sec) determined by the equation or above and up to 
200°C/sec. The high- tension thin steel sheet having about >50kg.f/mm 2 
tensile strength is thus obtd. at a low cost. 
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2. rf gfi * O ft 28 

(1) $ftltKi:C:fl.0 2~0.1S^,Mii:0.8- 
3.5X. P : 0.0 2-0.1 5 X. A L : 0.1 OX&T. N : 
0005-0025* t^tr«^K»«H^©«ifi^ecK 

* ^ -c . iU£X**&0t©f3:*»*M«Fe ^ic;^ 

5 5 0 CJ^TOflftT*Ifc!>»ifc»*IHIE*£-t'& 
X® t > *t!e**£«S*Ac,,#®£-9 50T; <D« 

fc 15 H K l 0 iP h 1 o#ngjn*##-r&X££, 
lWE]6DJDHS<?Tft 600-300 c <d ¥ *f ft *J 
2KiiTE(l)itt*1 &B#f ftiflSK CJR. (r/iec ) 
Mj: 2 0 0 C/ 6ec^j«oei|i 4i«n< «r*Pt 



logOR (C/*ec) «-l.7 3 C Mn W+3.5P (%) ) 

+ 3.9 5 (I) 

(2) Hi U it K X C : 0. 0 2 - 0. 1 5 % . M n : 0. 8 - 
3.5 X, I' : 0.0 2 ~ 0.1 5 X, Ai : 0.1 ftXWT» N : 
0.0 0 5-0.0 2 5* fc^trft&gt 
K^l^T, Wie2S^*i«OH^K:ftK S I : 0 l 
- 1.5 X % Cr ; fl.l-1.0X, Mo : 0.1-1.0X05 <> 

bXttfrit \ H* ittt. 2 HUM* * * i>>^> 
MnX+iO.2 6 Si X+3.6 PX+ 1.3C rif+2.6 7Mo*fe 

MSiE-fiX^** M gC » BE *K # * 5 6 0 CJWT 
<DfflfcTfcJ& b#fce*ttW)Efe-fiX*§£.lfi«e 

iotJ»rt.6]-0#MJn»«#i-&Ifi£. iffl e An ft 
X #* 7 « eoo-aooEMo^^ftiP&K^Tgfi 

2 0 0C/8CC * ffii (D *& ffi t * * fn < ft & "T 
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logCR ( C/sec ) «- 1.7 3 CMn (^) + 0.2 6Sl (*) 
+35 P (V) + 1. 3 O r (%) +2.6 7 

Mo {%) 3 + 3.9 5 (2) 

(3) Jfiltltt C : 0.0 2-0.1 5# » Mn : 0.8- 
3.5#, P : 0.0 2-0.1 5*. AZ : 0.1 0 T » N : 
0.005- 0.0 25**^triS#ft 2/2; 

^ x , ft le as ^ & # © ft & k b : 5-1 o o ppm t 

KKA^JCX !? Si: 0.1 -1.5 V. Or : 0.1-1.0* 
Mo : 0.1-1.0* 09t>**»£tf*A:ltt**l*2* 
_fc * . o M n * + o. 2 fi Si * + 3. 5 P 
* + 1. 3 Cr #+2. 6 7Mo^^0.6 4 L& 
WFe i> Iff ^f^li^^FiW%> X *J&*$«5:ie*!iLfc& 

t 5 5 0 TZ&TOfilff T£i& i)®v5£^^Mffi$£-tiXS 
t, Ac, $63^-9 5 OCOiBS 

KK*ci 0 tM. l 0^«llra«i«Stilgi, 

liflfie»D^X<i«Ttt6 0 0-30 0 C M © ¥ *S £P 
» * « T C (3)5£T*l£Btt##*P&&CR 
(C/bcc) fel>. 2 0 0 C/sec#»©fgfflt** 
ta<*at4T.8i, HU6Eia^«i 

(3) 

ffifriaa^ST^f t« toiKtt. C . Mn, SI, 

Mn * Yf$m&*mit-z^z> 

i£*|£tt*XO'**;' ^SH^i^H^KM 

* o "f 4 t> . tfiifcfCtC: 0.02-0.1 5^ t 
Mn: 0.8-3.5*. P : 0. 0 2 — 0. 1 5 *. A*: 0.1-0 
UT . N : 0.0 0 5- 0.0 2 5 * * 3" tr » S3 £ » « 



iff « o ma^tt'. 

IorCR ( r/sec) »- 1.7 3 [ Mn {%) + 0.2 6 S t (*) 
+ 3.5P (*) + 1.3 <>(*)+ 2.6 7 

Mo (*) ) + 3.4 0 (3) 

3. ft W © ffl * IK w 
* % mi H $fii i.- X •* * tf h & £ & © ft » 4 SG 

s o k, r t /w JW-b«)*sajj»««©fiiii{=»^ ^ 

iS » &Wm©#&i£i*XI>"eiiHt©SJjfc^£> 
v ,c _ ^ K 7 . ;// - K - ft £ © $ Iff BP # K tt 
91 dig 5 Ok,, f /.J &>_©** $ £ M« *k %m 2 ix 
Z> X 1 K* o~C £ it. toi 54IIJjftlcaffl3/i 

:#f*ffl s n r ^ & . lt)*l, tt*© 

(4) 

4»a»Ol8K: X i? . fir 

«S *>i *£ *K # 5 6 0 XI UT 

tfrMfE*E-f &X© t > rteftKfllff fr Ac, 

-9 5 0 COBKlKHIfC 1 0^j)^l 0 # ftfl fln 

««ftiI8h i«>K»[i*XS**7&6 o o- 
3 0 0 CW© 3 P^#£p&&7>'TK(l)^T*-4 & ffi 
^^*PiffiKCR(r/8ec)jy±2 0 0 C/sec#ffi© 
tSH t Hi h tD < *tft$-t hXn t . HltlS^t 

logCE (C/iec) 1.7 3 CMnW + 3.5 P(*) ]+ 

3.9 6 01 

»2 %eq©«g' ifii:t^H»:©*]{T$ 

*KI|C8l-:0.1-l.5J|f, Cr: 0.1 -1.0*» Mo : 
o.i-i.n*©$t,*feBtfnfci «i tH2«IJi 
± * ^ ^ , ^ s> 

Mntt+0.2 6 S I *+ 3.5 P*+ 1.3Cr*+2 6 7 Mo 0.6 4* 
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# fg *r x V fr v% > taoifr^lSo 5 ! 1 ^ 

/sec)iM± 2 0 0 C/scc * tf* £> IS PH t * 4 «n < # 

logCR { C/sec ) =-1.7 3 CMn(#) + 0.2 6 SI (%) 
+ 3.5PW + 1.3Cr(^) + 2.6 7 
Mo {%) J + 5 (2) 

N--£*fflfiJc©tt3t%K:B:5~100ppm * # * , 

Mo © * <b « n i a < * 2 ^ & ± * ^ 

Mn*+0.2 6 Si &+3.5 P# + 1.3 Cr+ 2.6 7 MoXi0.6 4 

# £P # ft rt' T SS (3) 5t T * * & BEfl#£0ifiKCR(T; 
/scc)jy_h2 0 0*T/8cc5fc<?IOieH,!:4©*n< 

logCR { t/sec ) =- 1.7 3 C Mn (M+0.2 6 S i (*)+ 
(7) 
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3.5P(W + 1.3Cr (tf> + 2.6 7 
Mo <*) 3 + 3.4 0 pi) 

TE^mmz^ tmmm^mK t , ? * ? a y 

t-* W 4 Ytt*3ii*t-rZ>&&&®&& f to 

K&M-t *> t ift iO-C^lSfiaK©^* T P$ # 
i5^i>t?2E*(D« i #4a»«it)W<^©c.chi» tt 

fit ffl # «t LTOffl^K^LT^jPJrfc©,, 

fiO«K^-f*u#<t#ia&T. r x - 7 <f x 

K tf A , B » C, D ^ X E . P , Q , H 
tttiEttfflllES 3 0~B 7 0 C, # m *> iB K 
5 0 0 - 5 2 0 CKtl»KU &fSJ — © 1. 0««l 
*C«rWK*tLA:«» K X i 7 7 0 Cx6 0 sec 

(8) 

ZU Ife it 600 — 3 0 OClHjOf^^^affi^ 40-60 
C/icc <D tf * * V hr^iP^U7t«^» ^ I !>' 
ifcR^lcDJf^^SJaat^CRC/e^^O ^ ^ y * 
'? M«£p^i Att««Offttlf(CI 1? 6 7 0 CKT 
1 0B&|UJJ!ra^L7t*#. jj»(C*»aK*»ISl 2 0 0 0 
C/eec ©7*C^K:iO^*#03|t<D^*©Mto 
Sfrfift^i -fr^K^A % B» C» D *> I (f E . 
P.O. H©9ISKBS£ tttf *«9fcLfctt***n 
•^n» 1 EI^X^»2Eg^^U7t (l 

WfiiSUttJ., *%#fl)A, C , E » Glli/% 

T*?>i itt*egFt±Nj>iig4>-C&J?* ^ro^dia 

aiL-ctt$ft«of fft^sti^i mi c © *p 

f^^^EUt^ioOTftoo |]@, ^201 »? 
7 0 kp. f /W Jb t ^ -f- zji , a)i ffi [ « ft # ft L X 
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^mxnKS^Vt^^^^nmm.^ CRc/sec Vk ± 
2 00C/sec *jK©tftK*tA, C I t; F M Otf 

& * * v \ k *t-r z> m * © p . n 

tf©&rt:i-f£#rc^^T?TOA^f**£*fcC>^T: 
-1.5^Mn-0.0 0 6 ^NiKOI^t Pft* t r f> 0. 2 
K 0.0 5JKC- l,5XMn-0.Q 5 % P 4 «X3tfgtt*tf-T 

£<hkowtn$: o.floi-o.0 3 0^ Torn, mtK 
imtA 6 «®o#K#*?Bsa la* 

tnb©#K*t**t-fctfEi£S&830-870T; 
T*M£ U«, 5 0 0 - 5 2 OCOfil^lgitf* 
OA. C©»Jg«^^^J£UT«*»^iP*l. 0« 

6 0 #> M flO * & 6 00-3 0 0 Cimo^^j^ipif 
«J>'»##*Pig&CR ( t / sec )& _L © SOTv'sec 
O ii * s ^^^h^iJi^^*^Mtoa=5:^TL7t 
fflffifco^T** h # 0* « LA.****® 

(11) 

C : 

a**#*7tJ6rc*J>< £ % 0.0 2#jy. _fc <D C <D «5 Jra *t 
#»T*>*. LtS L* 2)i t> 0.1 5X*«i. £ t * # 

t L. 0.02-0.]5*<DEHKfi&5£LAo 
Mn : 

A J£> K 66 9 T * I? » K*-^ Ttt{£fi«! 

8^ifcto*££L^^&3.*aAtf)K:a«'Tr*>£ 0 

MnOTKttd), f2)*O&#tt*p2fifcCR£200 
C/Bec ti^f^K: XCT^t I), Si, 

Cr, Mo, B^t4^*#HMn?)t 0.8 5|;|Ttt(l)^ 
® C R j>i 2 0 0 C/uc & |C 4 £ A *>T PR * 0. 8 
X L A. t A 8 I . Cr, Mo, B<D 1 * ^ _k 

*-&tr*#fCKtiin^©7C3R*iC R <£ # IC * # 
* * A *> M n Ofijft 3 )^ffiri,i*i, £ «¥ J: <D « 



ttRmSGO- 52528(4) 

J9Rft§l3ft&ff.Wtf + *9|&&£K;&rc^P^W 
ft^ItfNfr^*©f£#*W3fi:L7t. IS # -t 

»8sx jiw^u^h p *k o. 1 5 x 

t 5** # ft L . #K: + ^3iSfi5*fttt£»K:{g:T 

*Fft<D_fcRR 0.1 5#fc&5 5£ UAo 

* A » ffi^ElD^fjTJit^^i), N *i 0.0 2 5 

x i k + bvimi\&mm* xv + *3\m&K<D\» 

A 0 

«* * |C * P t> X V N <D<& ?S * <r> * K i: o T 

(12) 

*J'M.2\tTRU, ^O(2)^oCR^200 
C/.ec *Wrci-£AtfJX©*f*#&S?-r*>£. 
Mn^f 0.2 8 S I %+ 3.6 P*H 1.3 C r 2.6 7 M 0.6 4 % 

Mn S tfi 3.5* & A_ h t C £ « K ^ * v 
Y ft & & <D # it * i, ft h -t O r ± & % 3,5^U. 
0.8-3.6^©i5SIKW3£LAo 
P : 

< i t 0.02V t*fiit4OtT(»fc0.02V £ 
LA. L jd* L P & to ft © it ^ K #> 4 ^ (i) % (2) . (3) 

«5tffia)»A»cK:(&T*f40TJhPl^ 0.1 L * 

0.0 2-0.1 5%®tomKWfe L A 0 
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3 *£ , ifc|fe|UiWn©ftBfta5B<*&©T.l:|ilt* 
0.1 O^K jJttfe t 7t 0 
N : 

T & * . ^Si©fc^~&#«£fcl*»!«ttffi 
T *± N « ft ft 0.0 0 1 0-0.0 0 4 0#T * b , til 

# * r ® m * ft it l * kki-* 

KfiTtiOTiK^ fl.0 2 5^i L, 0.005- 
0.025^©^LSfi^(5R^ U7t« 

IfiC, Mn t P „ Kt s N <D &JiR £ ft £ c> T 

K X *> Si , Cr, Mo. Bo^x^tTieSlffi 
(15) 

(Ota < »ifl4ttME&*j:tftt&««©tt&3& 
it T $ 4 0 

m 2 n 



«4fi 
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Si 


Mn 


P . 


kJL 
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0.0 51 


00 I 5 


1.5 2 


0.0 8 5 


0.0 31 


0.0062 
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0.0 8 5 


0.5 0 0 


1.6 0 


0.0 4 0 


0.0 3 9 


0.0 1 0 0 
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0.1 1 0 


0.0 4 0 


1.6 0 


0.0 3 0 


0.025 


0.01 50 
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T *> i> 

Si, Cr, Mo, li : 

c n hz>Tt% a m (2) . m&frbwbfr*tn<. 

^itWBJir, <fc © & MJ £ 4fc © £ J« L < -to 
M * & & fa <D M # ■ jfti h o SSU^o«i*j)^ 
» 5 it 4 K tt S I , Cr, Mo<D&7c5&U0.1 Jb'&_L. 
H ft 5 p pni iU J: T . til^iOT 

TWt L/r.„ L aJ* L ifi #iJ <o «s an tt 3% * *>* £ *o U = 

* h iJb#-t-*©T_t|Jtf*Si 1. 5 # , Cr. Mo 
tt>fili 1.0 Bftl 0 0 p pm £ U, -til^ilft 
O K 18 K PH f£ t *. „ 

S J : 0.1— I.5 5tf 

C r ; 0. 1 — 1.0 

Mo : 0.1 — 1.0 ^ 

R : 5 — 1 0 0 ppm 

it . S i , Cr, Mo. HO^TCiKtt^f il <,i^4 
*C 1* ffl L T Hf" il ^ ft #j * t Sfc M *f * *« . flf # © »P 
LT4,^ft^*i©#j*ai#iK3ft£t£;C<*Wo 

(16) 

ft 2*K^^*&t«KX&m^rt©*&l£©fci£«H 
«t««DfiKt 30o-eoot,ttf;*£isirc£ft:3 
t > ft ♦ ^tt»o^«fc&^^^^fj<aKo 

##*W;£L7t 0 £©^^©&*6#fFtl8O0C{C 
60^M^#»»40-6OC/»ec Oft^MKTrta 

HEHI H^^ilnd (KKtr^l. 2. 

£ 31 3ft & K tf* (fc T L » IK5 5 ocyf©iBKT 

J? fi* UH * ilfl 1! . L^i»^<Ofiai&NitjtHfift|ffl 

* lii ltvs * % tr m & W b c t K £ 2> i> <d X *> 

* . J:tf©M&*fe*fttflK*iATW:. to J£ i* O 



(17) 



-155- 



s ft &y.±<D&& t u * * h*.^ c 

MX h 4 „ $tKAc l &®Am-.Kfr^Xttl* m#> 

% w & m & * & c> x i> * y ~ - * ? - <o %> *k z w 

A c , £ ffl A ~ 950COOKlSWIC|»5e L^. 

H. fi*£j*€>rffl£mm2^4*i&K4><,!:'ll0. 

#>*&#£-*4i, io#fifl*$g-r&BSfU]©4£# 
rcio^#.fttt<offi:*<tfcra<©-rj:K&3:i o # 

^TUfcJ&Tm^fc^tt© — T & 4 „ ft 82 8? 1 

# 7>> f> 0) . (2) . (3) st T tt * 3 n 4 C R J: (O U 

m <fc & A # T * 4 o L t5> L # if) i* & 2 0 0 C /sec 
(19) 

U^S^A, C. E , O ft )t #J B * I> , F , 

tit*L. *XtfN*<:£!ifeH9 
©l»£ttrt©«*^i*R<HfCX4tti£**tftt» 

* • 

0.1 3 5 o 'C-2.0#Mn-0.0 5&Pfr 36 * ffi /£ t L . 

^4iU, ^%^<0l!RS(*j© 0.0) 60^ * # -f 
4#&#.*2©2#|flfifr*?»(L*o 

i^f iiiH-ofti^fffffiK B0o-7 8'ot;»c 

-CJfc*£L*tfc» 400-450 CKt#J*i> % ftftft 

KrS U T a It 1 0 mm © i$J£ m t& t Lit a C <D 
700-980C-* T tt * ^! T^i Jfe ?SG »D *V 

ifitK t 60 #ftfi^#^4fe/jfc&*&*aaLyt*£, 
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< ft 4©k an *_ * ftifiigfiiiftiU'rffl! 
m -r 4 & © & & til 4* w k i o x # # ft -r 4 * 

# *>; * 4 ^ h & x m k m « *c u «■ « © m w * ^ 

* «* O « ^ Kt ffl I M . & «B^^**tn < 4 f$ 
fit 08 * #| n to tt T * 4 0« . l»fffc*lK40««tt 

cn. < c/ sec) ju ± 2 o o r/scc ^ m © #*?&«© 

t © X »? i&WTHft^o ft o T » 4= 15 ^ T Ht fifi 
ttttiPdnfc on (t:/sec)^Tiai £ L » -tfi&**£ 
Lrt:#ia(©mn4 2 0 0 C/sec * fli © # £fl & !£ 

k w l jt , i*j l *r _t ffr *p a se ft sii w 4 K 

tfl M tt. 600-300€lU!T-h#T2>$* C © 81 E 45 

v m t -* *> t * it 4 Ym*m.itt'T2>i&fa 

^ ife m <o m. fa & i K V ^ X ti. , % K * W ?k b <D 

(20) 

ifc&JK^ 1> eoo-300 tM©f ^^flUEIrKff 

ft j$ % * C ft ( C/sec) y ± 2 0 0 C/sec »*0 

i^tit^L^o M3(ttt«6ia«C*i-t*'!|-C*>4. 
tfffiHI **l!K'UttM« 
tfE«gBH^^4 80O~9 5 0 C»C^^rrt*3SWK J: 

©N^^fT>t] I i» 91 n % K . P*^iS^t i t c 
^it^iKji^f, # O' ffi « - T *> 4 t ^ 
t^L-CW4 c C0tM?%««tt^K^^ 

»J U» ^gJC«i«1-A7) k b3-DtT«NOgStJa 
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